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Gas embolism is a possible complication during head and neck surgery and laparoscopic procedures. We
are presenting our experience of a young girl who underwent a laparoscopic biopsy of the hepatic hilum
lymph-nodes for a suspected lymphoma recurrence. Due to her previous clinical history, the patient
carried a central venous catheter (CVC). After 20 min from the beginning of the laparoscopic procedure,
clinical symptoms were noticed: resuscitation maneuvers were immediately performed and foamy blood
was aspirated from the CVC. After the patient was stabilized, the procedure was converted into lapa-
rotomy and concluded. Gas embolism is a described complication during laparoscopic procedures, but it
is very rare in children where only 5 cases have been described, none registering the death of the patient.
 2014 The Authors. Published by Elsevier Inc. All rights reserved.Carbon dioxide (CO2) embolism is a rare but potentially fatal
complication that can occur during head and neck surgery and in
laparoscopic surgical procedures. It is usually described during or
shortly after insufﬂation of CO2 into the body cavity, due to an
inaccurate injection of CO2 into a large vein, an artery or a solid
organ. Clinical presentation is often reported as a dramatic event
with cardiovascular collapse or even death, but symptomsmay vary
depending on the volume of CO2 and the patient’s condition.We are
reporting our experience in a young girl who experienced a gas
embolism during laparoscopy for a lymph-node biopsy.
1. Case report
A 12-year-old girl, previously diagnosed and treated for a
Hodgkin Lymphoma, was considered for a laparoscopic procedure.
She presented with a suspected recurrence of the disease: clinical
examination did not show any peripheral localization of disease,
but a lymph-node enlargement was detected through a PET-CT
Scan, localized on the hepatic hilum. She had been previously
treated with chemotherapy following the AIEOP LH 2004 National
Protocol, and at the moment of the suspected disease recurrenceBY-NC-ND license (http://
x: þ39 049 821 1781.
rti).
Published by Elsevier Inc. All righstill had a long-term Broviac central venous catheter (CVC) in place.
Her anesthetic evaluation was ASA 3.
The laparoscopic procedure was performed following the stan-
dardized procedure used in our Pediatric Surgery Unit: general
anesthesia was totally intravenous induced, the patient was pre-
pared with oro-tracheal intubation, an arterial line for continuous
arterial pressure monitoring and a vesical catheter were placed.
Laparoscopy was initiated with the positioning of an umbilical
trocar by open technique and CO2 insufﬂation was established to a
pressure of 10 mm Hg. Two more trocars were placed and the
patient was placed in the anti-Trendelenburg position. After 20 min
from the beginning of the laparoscopic procedure, a sudden drop in
End-Tidal CO2 (ETCO2) (35e10 mm Hg) was noticed, with a rapid
collapse of saturation (from 98% to 30% to immeasurable values), a
fast fall in blood pressure (35/10 mm Hg) and tachyarrhythmia
(160e180 bpm) with changes in ST segment evident at the ECG.
Due to a strong suspicion of gas embolism, the CO2 injectionwas
promptly arrested; the patient was placed in Durant’s position (left
lateral decubitus with the head tilted down) and about 40 ml of
foamy blood was aspirated from the CVC. Cardiopulmonary resus-
citation was started, with hyperventilation at 100% O2 and contin-
uous infusion of amine: 10 mcg/kg/pm Dopamine and 0.2 mcg/kg/
pm Noradrenaline. Concentrated Red blood clots were subse-
quently transfused due to anemia.
After stabilization of the patient approximately 20 min, lapa-
roscopy was restarted: during the inspection of the abdominalts reserved.
Table 1
Pediatric cases of CO2 embolism during laparoscopic procedures reported in literature.
Author (year
of publication)
Patient’s
sex and age
Comorbidities Type of operation Time of presentation
of symptoms
Treatment Outcome
Mattei (2007) M, 13 y Previous ALL
out of treatment
Lap Cholecystectomy Insufﬂation through
Veress needle
CPR, Trendelenburg
Position
Complete Recovery
Leroy (2007) M, 7 y None Lap Appendectomy Post-operative period CPR, Hyperbaric
Treatment
Death
Kudsi (2009) M, 3 w Twin orna t 34 W Lap Pyloromyotomy Insertion of camera CPR, Durant Position Complete Recovery
Taylor (2010) F, 12 d Syndactyly Lap Pyloromyotomy CO2 Insufﬂation CPR, Hyperbaric
Treatment
Complete Recovery
(despite cerebral infarcts)
Olsen (2013) M, 4 d Meconium
Aspiration at Birth
Lap Reparation
of Duodenal Atresia
CO2 Insufﬂation CPR, Trendelenburg
Position
Complete Recovery
Lalwani (2009) M, 1 d 21 Trisomy, Born at 36 W Lap Reparation of
Duodenal Atresia
3 min after beginning CPR, Trendelenburg
Position
Complete Recovery
Our Patient F, 12 y Hodgkin Lymphoma Hepatic hilum
lymphnodes biopsy
20 min after beginning CPR, Durant Position Complete Recovery
CPR ¼ Cardio-pulmonary Reanimation. Refs. [1], [3], [4], [6], [13], [14].
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which was probably due to the repeated trocar replacement during
the ﬁrst phases of the laparoscopy. At this point the laparoscopy
was suspended, with conversion to laparotomy and the surgical
procedure was concluded without any further complications.
The patient was subsequently transferred to the PICU of our
Department where she stayed for about 48 h. During this time,
continuous monitoring and inspections of ECG, chest X-ray, acid-
base balance assessments and blood tests were carried out and did
not show any systemic or cerebral damage. She regained con-
sciousness without any neurological impairment. After this inten-
sive monitoring period, the girl was transferred to our Pediatric
Surgery Unit and was sent home after 5 more days with complete
functional restoration. The patient eventually underwent thoraco-
scopic surgery to evaluate her Lymphoma without any subsequent
complications.
2. Discussion
CO2 embolism can occur both at the beginning of a laparoscopic
procedure (with peritoneal insufﬂation) and during the surgical
dissection, especially when it involves the hepatic hilum with the
porta hepatis and/or the cava vein [1e4]. These structures are more
prone to produce gas embolism due to the low pressure that can be
inferior to the pneumoperitoneum pressure, leading to a passage of
gas in the blood ﬂow. Both slow-infusion of air and bolus of gas may
be responsible of a “gas-block” in the right atrium, obstructing the
pulmonary outﬂow track [5e7].
The high capacity of blood in transporting CO2 (thanks to the
bicarbonate buffer system, hemoglobin and other plasma proteins)
confers high solubility without any systemic consequences to the
gas. In humans, the lethal dose of CO2 during embolism has been
described to be 3e5 ml/kg [5e9].
Aspiration of gas through the CVC represents the deﬁnitive
treatment of gas emboli [10e12]. Nonetheless air trapping in the
pulmonary vasculature and subsequent solubility of the gas leads
to prompt recovery of the vital signs. In the case reported all the
clinical symptoms of pulmonary embolism, that is to say collapse
of the arterial pressure with tachyarrhythmia, decrease of O2
saturation and of ETCO2 where detected [7]. The immediate pro-
cedures suggested in the literature were promptly carried out: CO2
insufﬂation was suspended and the pneumoperitoneum was
evacuated, the patient was positioned in the left lateral decubitus
position with the head tilted down (Durant’s position), hyper-
ventilation with the administration of 100% oxygen and a volume
increase with amine infusion in order to maintain a positive
circulating volume to prevent further entrainment of gas [8]. Dueto the previous clinical history of our patient, a CVC was in site,
and this was extremely useful for aspirating foamy blood from the
right atrium, leading to a rapid resolution of the symptoms: car-
diopulmonary resuscitation with external cardiac massage was
unnecessary in our case.
Gas embolism during laparoscopy is very rare in children
(Table 1): most cases have been reported in neonates as a result of
patent umbilical vessel damage after the placement of the Verres
needles [1,3,4,6,13]. In our unit the open technique is preferred to
obtain pneumoperitoneum independent of age, thus reducing this
risk. Nonetheless, the positioning or repeated insertion of trocars
may lead to similar injuries to abdominal vessels, reproducing the
same risk of a gas embolism.
3. Conclusion
It is very important that pediatric anesthetists and surgeons are
aware of this possible complication, even if rarely reported in the
literature, because early detection with prompt resuscitation can
result in a favorable post-operative outcome. The suspect of a gas
embolism probably should be taken into account every time a
sudden and severe hemodynamic and respiratory instability of the
patient occurs during laparoscopy. The presence of a CVC was very
useful in our case, but it is not mandatory during each laparoscopic
procedure; nonetheless we suggest to include it in the devices
applied to the patient during mid or major interventions.
Early detection of gas embolism with prompt resuscitation can
result in a favorable post-operative outcome and no pediatric
deaths have been reported in literature so far.
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